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Abstract: Atypical hemolytic uremic syndrome (aHUS) is a chronic life threatening con-

dition that arises from genetic abnormalities resulting in uncontrolled complement amplify-

ing activity. The introduction of eculizumab, the humanized monoclonal antibody, has

brought about a paradigm shift in the management of aHUS. However, there are many

knowledge gaps, diagnostic issues, access and cost issues, and patient or physician chal-

lenges associated with the use of this agent. Limited data on the natural history of aHUS

along with the underlying genetic mutations make it difficult to predict the relapses and

thereby raising concerns about the appropriate duration and monitoring of treatment. In this

review, we discuss the safety and efficacy of eculizumab in patients with aHUS and its

associated challenges.

Keywords: atypical hemolytic uremic syndrome, eculizumab, challenges, thrombotic

microangiopathy

Introduction
Thrombotic microangiopathies (TMA) are life-threatening pathologies character-

ized by the formation of microthrombi in small blood vessels.1,2 They present with

microangiopathic hemolytic anemia (MAHA), thrombocytopenia and end-organ

damage (Figure 1)3–16 with kidneys being the most commonly affected leading to

acute kidney injury (AKI). MAHA is the destruction of red blood cells (RBCs) due

to shearing in the small vessel walls. Two main types of TMA include thrombotic

thrombocytopenic purpura and hemolytic uremic syndrome (HUS).1,2

HUS is broadly classified as 1) infection-associated HUS: Shiga toxin producing

Escherichia coli, Streptococcus pneumonia, influenza A, H1N1 2) HUS secondary

to organ transplantation (e.g., renal transplant), systemic malignancies, autoimmune

conditions (e.g., systemic lupus erythematosus, antiphospholipid antibody syn-

drome, scleroderma), drugs (e.g., quinine, calcineurin inhibitors, chemotherapeutic

agents like gemcitabine), malignant hypertension, 3) HUS due to cobalamin C

disorder, and 4) atypical HUS (aHUS) due to alternative complement pathway

dysregulation and mutations in diacylglycerol kinase ε (DGKE) gene.16,17

The complement system is a part of the body’s extracellular innate immunity

contributing to the first line of host-defense against pathogenic microorganisms.

The complement pathway proteins act as anaphylatoxins promoting inflammation,

mediate opsonization amplifying the capacity of antibodies and phagocytic cells to

destroy pathogens and cause direct cell lysis. Three pathways that activate the

complement include classical, alternative, and lectin. The alternative complement
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pathway is continuously active at low levels in the body.

This event is due to an unstable thioester bond in C3

which causes its spontaneous hydrolysis in an aqueous

environment and triggers the formation of the fluid phase

C3b like molecule called C3(H2O). In contrast, when C3

directly comes in contact with the microbe’s surface and

gets activated, it forms the surface-bound C3b. The gen-

eration of C3b (fluid phase or surface-bound) allows the

alternative pathway to mount an amplified immune

response. The activated C3b combines with factor B to

create a C3 convertase. C3 convertase eventually leads to

the formation of the C5 convertase, which activates C5b

and helps form the C6-C9 complex, also known as the

membrane attack complex (MAC). This complex forms a

channel on the cell membrane and leads to cell lysis

(Figure 2).3,16,18–25

The alternative complement pathway is tightly regu-

lated by complement regulatory proteins to prevent its

uncontrolled activation. The complement regulatory pro-

teins include factor H (FH), factor I (FI), membrane cofac-

tor protein (MCP), complement 3 (C3), factor B). FI is a

serine protease that causes the breakdown of C3b into

fragments by using FH as a cofactor, preventing the for-

mation of C3 convertase. MCP, a membrane-bound regu-

lator of complement is also a cofactor for the breakdown

of C3b and C4b by FI. Thrombomodulin helps in degrad-

ing C3a and C5a anaphylatoxins and enhances the CFI-

mediated degradation of C3b.20 Uncontrolled alternative

pathway activation causes neutrophils, macrophages, and

platelets to continuously accumulate on the endothelial

cell surface inducing a prothrombotic state.26 This

formation results in deposition of microthrombi in the

renal vessels and shearing of RBCs, resulting in TMA.

The dysregulation of the complement in aHUS can be

either genetic or acquired. The genetic mutations lead to

either a decrease in FH, FI, C3, MCP, and thrombomodu-

lin or an upregulation in complement factor H (CFH)

autoantibodies.16 Mutations in DGKE lead to a form of

aHUS with no obvious complement abnormality. DGKE is

a lipid kinase present in the endothelium, platelets, and

podocytes and it phosphorylates diacylglycerol (DAG) to

phosphatidic acid. Conversion to phosphatidic acid blocks

the DAG-induced activation of protein kinase C, thereby

inhibiting thrombosis. DGKE gene mutations cause

uncontrolled activation of protein kinase C leading to a

prothrombotic state.27

Historically, aHUS had a poor prognosis with about

50% of all patients progressing to end-stage renal disease

(ESRD).3 Prior to the introduction of eculizumab, plasma

infusion or plasma exchange (PI/PE) was the standard of

care by supplying the normal/functional complement inhi-

bitory molecules, but they do not address the underlying

pathology. The long- and short-term outcome of patients

treated with PE/PI depends on the underlying genetic

mutations. Noris et al analyzed clinical outcomes in 273

patients of aHUS treated with PE/PI, and found that nearly

70% of patients with genetic mutations either died or

became dialysis dependent during the first episode or

within 3 years from first manifestation.23 PE/PI also has

associated adverse effects, including hypotension, sympto-

matic hypocalcemia, allergic reaction, and catheter-related

thrombosis especially in patients of pediatric age group.28

Thrombotic microangiopathy

Thrombocytopenia Microangiopathic hemolytic anemia

End-organ damage

Neurological
symptoms: confusion
and/or seizures and/or
stroke

Pulmonary symptoms:
dyspnea,pulmonary
hemorrhage,pulmonary
edema

Cardiovascular
symptoms: Ml and/or
hypertension and/or arterial
stenosis an/or peripheral

Visual symptoms: pain
and blurred vision,and/or
retinal vessel occlusion.

Gastroint estinal
symptoms: diarrhea±blood
and/or nausea/vomoting and/or
abdominal pain

Renal manifestations:
elevated creatinine and/or
decreased eGFR and/or
hypertension and/or abnormal

Schistocytes and/or elevated LDH and/or decreased
hemoglobin

Platelet count 150,000 mm3 or <25% from
baseline

Figure 1 Manifestations of thrombotic microangiopathy and the clinical presentations of end-organ damage. Data from references.3–16

Abbreviations: GI, gastrointestinal; MI, myocardial infarction, eGFR, estimated glomerular filtration rate; LDH, lactate dehydrogenase.
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Eculizumab, a humanized monoclonal antibody, was

approved by the FDA in 2011.29 With clinical trials favor-

ing eculizumab, it has brought about a paradigm shift in

the management of aHUS.30 The effectiveness of treat-

ment in aHUS is measured by the duration free of TMA

events. A TMA event-free status in 68–88% of patients

treated with eculizumab has been reported in various

studies.23,31,32 Use of eculizumab, though preferred over

PE/PI, is associated with limitations and challenges. By

inhibiting the formation of MAC, patients become more

susceptible to infections with encapsulated organisms.

Others include deciding the adequate duration of treat-

ment, monitoring of the effectiveness of eculizumab ther-

apy, and the current cost of the medication.33 In this

review, we discuss the use of eculizumab to treat aHUS

and the associated challenges.

Pharmacokinetics
Eculizumab is a humanized monoclonal IgG2/4κ antibody

produced by recombinant DNA technology. It has an inhi-

bitory action on complement factor C5, thereby blocking

its breakdown, resulting in the downstream inhibition of

complement cascade and inhibiting the formation of the

MAC. The inhibition of the terminal complement activity

inhibits cell lysis and the clinical manifestations seen in

aHUS.34,35

Eculizumab has a predominant blood plasma distribu-

tion, and its distribution in other tissues has not been stu-

died. In the population pharmacokinetic studies done in

aHUS patients, clearance of eculizumab was found to be

14.6 mL/h with a volume of distribution of 6.91 L and

elimination half-life of 12.1 days in an average 70 kg

patient.36 Plasma exchange or infusion leads to an increase

in the clearance and decreased half-life of eculizumab,

hence additional doses may be required37 Other factors

which affect pharmacokinetics are the age and weight of

the patient, and C5 and soluble C5b-9 levels since eculizu-

mab binds to these factors, and their increased plasma levels

will result in decreased concentration of the drug.36,37

The dosing of eculizumab is weight based for patients

aged 18 years or younger. This dosing has been extrapo-

lated from data from adult pharmacokinetic studies.36

Classical
Alternative

Genetic
mutations in
aHUS:

Lectin

Amplification

Thrombus

Proteinases and
free radicles

Endothelial cell damage
and retraction

Endothelium

C5b-9
C5b

C5C5a

C3a

C3,CFB

MCP mutations

INF2 mutations

Anaphylaxis,
Inflammation,
Thrombosis

PLG mutations

CFH
autoantibodies
or CFHR1-3
deletion

THBD gene
mutation

CFH,CFI

C3

C5 convertase

C3 convertase

C3b

Ba

Factor B

C6,C7,C8,C9

Activated
Platelets

c5b-9 deposition
on the surface of
endothelial cells

•
•
•

•

•
•
•

Figure 2 The alternative complement pathway in atypical hemolytic uremic syndrome and the associated genetic mutations.

Note: Data from references 3, 16, 18-25.

Abbreviations: CFB, complement factor B; CFD, complement factor D; CFI, complement factor I; CFH, complement factor H; MCP, membrane cofactor protein; THBD,

thrombomodulin; MAC, membrane attack complex; CFHR, complement factor receptor; PLG, plasminogen; INF2, Inverted Formin 2; aHUS, atypical hemolytic uremic syndrome.
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Table 1 shows dosing in adult patients and patients aged

18 years or younger.36 If PE/PI is done, then an additional

dose of 300–600 mg is required.

Since eculizumab is a complement inhibitor, its chief

adverse effect is life-threatening infections by encapsulated

organisms, such as Neisseria meningitidis, Streptococcus

pneumoniae, and Haemophilus influenzae.16,36 Patients

receiving eculizumab should be vaccinated against these

organisms to prevent bacterial sepsis at least 2 weeks before

initiating therapy. Hypertension (5%), renal impairment

(5%), headache, diarrhea, upper respiratory tract infection,

nausea, vomiting, and cough are additional adverse events

that have been reported. As with all protein products,

administration of eculizumab may result in infusion reac-

tions, including anaphylaxis or other hypersensitivity

reactions.36

Clinical trials on eculizumab
Since the approval of eculizumab by US-FDA, many

clinical trials and studies have been conducted and have

demonstrated the advantages of eculizumab over the con-

ventional treatment of aHUS using PE/PI prior. Palma et al

conducted a critical appraisal of eculizumab in aHUS and

reviewed the data from clinical trials, case series, and case

reports of aHUS and concluded that “aHUS may be con-

trolled in overwhelming majority of patients and likely at a

higher frequency with eculizumab than with PE alone by

historical database comparisons”.29

Genetic mutation testing and its association with the

use of eculizumab have also been reported in many case

reports and clinical studies. Raina et al conducted a meta-

analysis of case reports of aHUS over the duration of

10 years and analyzed the impact of eculizumab treatment

and plasma exchange on the duration of resolution of

clinical features and mortality in aHUS. A statistically

significant difference in the mortality rate between the

eculizumab group compared to non-eculizumab group

(P=0.045) was noted; however, there was no change in

the mortality rate with the use of plasma exchange therapy

as compared to non-plasma exchange group (P=0.76). No

significant difference was observed in the time to resolu-

tion of symptoms and serum creatinine or platelet count

normalization in the two groups (P=0.17, P=0.36,

P=0.83), and between plasma exchange vs non-plasma

exchange group (P=0.15, P=0.14, P=0.78). The authors

also showed satisfactory evidence favoring initiation of

therapy with eculizumab once the diagnosis of aHUS

was confirmed by genetic testing.38

Legendre et al published the results of the two pro-

spective trials in aHUS. Patients of both trials received

eculizumab for 26 weeks and during long-term extension

phases. For trial 1, a complete TMA response was

achieved in 65% of patients at 26 weeks and 76% patients

at 2 years. Nearly 50% of patients had a normal platelet

count after 1 week, and by the end of the study, platelets

and lactate dehydrogenase (LDH) levels were normal in

90% (Figure 3). Patients had an improved renal function,

and 80% discontinued dialysis throughout the 26 weeks.

For trial 2, 80% of the patients had a TMA event-free

status by the end of the study. Patients in trial 2 were able

to stop plasma exchange therapy, discontinue dialysis, and

have an improved kidney function (Figure 4). For both

Table 1 Dosing regimen for eculizumab in patients with atypical hemolytic uremic syndrome

Induction dose Maintenance dose

Dose in patients 18 years

or older

900 mg once a week for

4 weeks

1200 mg in week 5 after induction dose is completed. Followed by 1200

mg once every 2 weeks

Dose in patients <18

years

Weight >40 kg 900 mg once a week for

4 weeks

1200 mg in week 5 after induction dose is completed. Followed by 1200

mg every 2 weeks.

30–40 kg 600 mg once a week for

2 weeks

900 mg in week 3 after induction dose is completed. Followed by 900

mg every 2 weeks.

20–30 kg 600 mg once a week for

2 weeks

600 mg in week 3 after induction dose is completed. Followed by 600

mg every 2 weeks.

10–20 kg 600 mg in week 1 300 mg in week 2. 300 mg every 3 weeks.

5–10 kg 300 mg in week 1 300 mg in week 2. 300 mg every 3 weeks.

Note: Data from Soliris (Eculizumab) highlights of prescribing information. US Food and Drug Administration. 2007. Available from: https://www.accessdata.fda.gov/

drugsatfda_docs/label/2011/125166s172lbl.pdf.36
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trials 1 and 2, it was seen that earlier the eculizumab was

given greater the improvements in estimated glomerular

filtration rate (eGFR). The authors also reported clinically

significant improvements in the quality of life in more than

70% of patients in both the trials.23

A systematic review, which included the above trials,

showed that eculizumab was effective in the management

of aHUS, although there were limitations of sample size, lack

of control groups, and use of surrogate markers.39 Licht et al

conducted a follow-up to Legendre’s publication from 26

weeks and 1 year and assessed outcomes after 2 years.

Both studies showed that eculizumab inhibited terminal com-

plement activity. In trial 1, patients had an improved platelet

count and eGFR compared to baseline and 1 year; 15 of 17

patients had hematologic normalization after 1 and 2years. In

trial 2, 20 patients were followed to assess primary end-

points; 8 patients had improved eGFR by 2 years, 19 patients

had TMA event-free status by year 2, and 18 patients had

Platelet count at
day 7=169±72

Platelet count at 26
weeks=210±68
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Figure 3 Sustained increase in platelet count during ongoing eculizumab treatment in trial 1 data (from Soliris (Eculizumab) highlights of prescribing information. US

Food and Drug Administration. 2007. Available from: https://www.access data.fda.gov/drugsatfda_docs/label/2011/125166s172lbl.pdf36) (bars represent SD); normalization of

platelet count was defined as count >150±109/L).
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Figure 4 Improved renal function through 2 years with ongoing eculizumab treatment in trial 2 data (from Soliris (Eculizumab) highlights of prescribing information. US

Food and Drug Administration. 2007. Available from: https://www.access data.fda.gov/drugsatfda_docs/label/2011/125166s172lbl.pdf36) (bars represent SD); normalization of
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Abbreviation: aHUS, atypical hemolytic uremic syndrome.

Dovepress Raina et al

International Journal of Nephrology and Renovascular Disease 2019:12 submit your manuscript | www.dovepress.com

DovePress
187

http://www.dovepress.com
http://www.dovepress.com


hematologic remission. Overall, the study confirmed that

clinical benefits achieved by eculizumab treatment of aHUS

were maintained at 2 years follow-up.40

Cofiell et al evaluated 41 adult patients with aHUS

before and after eculizumab therapy and measured blood

and urinary levels of biological markers associated with

aHUS at baseline and at 26 weeks, followed by an optional

extension phase of 1 year (Figure 5) and compared them to

healthy volunteers. Patients with aHUS had significantly

elevated markers of terminal complement activation and

MAC formation, i.e., urinary C5a (U-C5a) and urinary

soluble C5b-9 (UsC5b-9). A rapid decrease in the levels

of terminal complement components was noted following

administration of eculizumab, and this reduction was sus-

tained with ongoing therapy to levels comparable to those

measured in healthy volunteers. The mean reduction in

urinary levels of U-C5a and UsC5b-9 at week 26 was 90

±7.5% and 98±1.4%, respectively. A reduction in markers

of endothelial cell activation and damage, i.e., soluble

vascular cell adhesion molecule-1 and thrombomodulin,

respectively, was noted, but the levels remained elevated

as opposed to healthy volunteers. Serum levels of Ba, a

marker of proximal complement activation, were also ele-

vated as compared to healthy volunteers while on treat-

ment with eculizumab reflecting a proximal complement

dysregulation. The authors concluded that although treat-

ment with eculizumab blocks terminal complement activ-

ity and reduces biomarkers of renal injury, inflammation

and endothelial damage, individuals with genetic predis-

position continue to have ongoing proximal complement

activity and activation of endothelium promoting a proin-

flammatory state.41

Patients in Japan diagnosed with TMA caused by aHUS

participated in a study evaluating patient outcomes and

safety at 6 months, 12 months, and annually thereafter,

after beginning eculizumab for an interim analysis of a

post-marketing surveillance mandated by Japanese regula-

tions. Thirty-three patients with aHUS and 27 patients with

secondary TMAwere enrolled for 24 weeks. Among the 29

aHUS patients with available baseline data, platelet count,

LDH, and serum creatinine improved in 1 month after

beginning eculizumab. Nineteen patients were TMA

event-free, 5 patients had complete TMA response,

13 patients had platelet normalization, and 16 patients had

a decrease in serum creatinine. This interim analysis con-

firmed the acceptable safety profile and effectiveness of

eculizumab for Japanese adult aHUS patients.31

There is extensive evidence advocating the super-

iority of eculizumab in addition to supportive manage-

ment over other forms of treatment (Table 2).23,31,40–48

However, therapy with this agent has many challenges

and larger clinical trials are required to address these

limitations.

Challenges of eculizumab
Patient’s perspective
The aHUS Alliance, an umbrella group of aHUS advocates

and patient groups in over 30 nations, launched its aHUS

Global Patients’ Research Agenda49 on Rare Disease Day

2019. An international project developed over 4 years, the

aHUS Global Patients’ Research Agenda lists 15 central

questions grouped into 5 main categories: Causes and

Precautions, Diagnosis, Treatment, Impact: Clinical/

Psychological, and Impact: Socio-Economic. Patient access

to eculizumab, as well as drug costs, affects all five cate-

gories either tangentially or directly. Early and accurate,

diagnosis drives aHUS patient outcomes, but rare disease

policies and health care options among nations vary widely

and determine each nation’s degree of access to eculizumab,

based largely on the drug’s high cost. The corporate site for

Alexion Pharmaceuticals (developer and manufacturer of

eculizumab under the trade name Soliris) currently notes

that it has “operations in place to serve patients in nearly 50

countries”, which is roughly one-quarter of nations

worldwide.

Serum/plasma markers evaluated

Urinary markers evaluated

Week 0 Week 26 1 year

Figure 5 Markers evaluated at baseline in patients with aHUS41

Abbreviation: eGFR, estimated glomerular filtration rate.
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In its 2016, aHUS Global Poll,50 the aHUS Alliance

survey of aHUS patients and caregivers in 23 nations

(N=233) included questions about patient experiences,

research interests, treatment issues, and eculizumab access.

When poll data included the high response rates from the

USA (N=100), a nation where eculizumab is available to

any aHUS clinical subtypes, 77% of the respondents could

access this therapeutic option. An additional 14% of respon-

dents from the 2016, aHUS Global Polls noted conditional

availability in their nation, with the most common exclusion

being aHUS patients on dialysis, which in effect blocked

some from renal transplantation lists. The aHUS Alliance

analyzed the 2016, poll data and released a white paper on

eculizumab access, noting that the availability of the med-

ication dropped from 77% (responses from all 23 countries)

to 37% for aHUS patients in nations outside the US and

EU. Restricted access to eculizumab rose from 14% (all 23

nations) to 37% in nations outside of the US and EU.51

Addressing issues regarding eculizumab as one of the four

expensive drugs used by pediatric nephrologists, Diana

Karpman noted:

Access to and costs of orphan drugs have most profound

implications for patients, but also for their physicians,

hospitals, insurance policies, and society at large, particu-

larly from financial and ethical standpoints.52

Various aHUS Alliance projects for Rare Disease Day and

its annual aHUS Awareness Day campaign (24 September)

have helped to illustrate the needs and concerns of indivi-

dual patients and of national aHUS patient organizations.

Treatment issues often mentioned include affordable

access to eculizumab, drug delivery concerns, questions

about tailored treatment to suit individual patient needs,

distinguishing possible side effects apart from multi-organ

involvement, what alternatives may be in the pipeline for

alternatives to eculizumab, and under what parameters it

might be safe to discontinue eculizumab. Clinician-

researchers are often the first line not only in diagnostic

and therapeutic care, but they also are deeply engaged in

the central, human interaction of provider-patient dialogue

which can provide insights for all stakeholders. Alexion

Pharmaceuticals states that it serves patients in almost 50

nations, but it then follows that lack of access to eculizu-

mab is an issue for patients, and the physicians who treat

them, in almost three-quarters worldwide. South Africa is

prompting the well-supported rationale for a Global

Review Panel Model for aHUS Drug Access.53

Fragmented information flow and variants in terminol-

ogy in fields related to aHUS research impact not only

physician education initiatives and professional confer-

ences, but the ease and ability of aHUS patient organiza-

tions and other stakeholders to keep current. Individuals

and groups within the aHUS Alliance have been active

partners in collaborations that include discussion of eculi-

zumab and aHUS treatment, such as the aHUS Global

Patient Registry,54 the KDIGO Controversies Conference

on aHUS treatment,55 and the ISN working group on

increasing access to integrated ESKD and global kidney

health56 Original content about eculizumab access and its

challenges regularly appear on the aHUS Alliance website,

through videos and content such the “aHUS Perspectives“

articles and “The Reluctant Advocate” series on how

aHUSUK families advocated in partnership with physi-

cians for access to eculizumab to change the UK govern-

ment policy (NICE approval).

Diagnosis and case management for aHUS patients is

complex, with factors such as extra-renal involvement and

secondary aHUS issues further complicating treatment.

While decline in kidney function is usually most common

aHUS manifestation at presentation, an estimated 10–48%

of aHUS patients may experience difficulties with cardio-

vascular, pulmonary, gastrointestinal, or varied loss of

functions in other organs or systems.16 Challenges for

patients include accurate and timely diagnosis, complex

care necessitating multiple specialists, and lack of a clear

treatment path especially regarding availability and dura-

tion of eculizumab therapy. Differentiating aHUS from

alternate types of TMA or other medical conditions is

difficult, and “diagnosis by exclusion” is not familiar to

patients and their families. The aHUS Alliance partnered

with Boston area physicians to create an innovative sym-

posium on “aHUS through the Lens of Thrombotic

Microangiopathy” (TMA Boston), which also featured

aHUS patient speakers from three nations to precede

each clinical presentation.57 Positive patient outcomes

and negative impacts from the lack of access to eculizu-

mab were addressed by aHUS patients of varied subtypes,

each followed by clinical presentations illustrating the

effectiveness of coordinated care from an aHUS and

TMA multi-disciplinary team approach.58

A growing field of case studies and clinical trials

illustrates the broad and diverse spectrum of aHUS clinical

presentations, among them duration of aHUS activity

(acute episodes or chronic illness), extra-renal involve-

ment, disease penetrance in familial genetics, and
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triggering events. Longitudinal studies related to patient

surveillance and monitoring are topics in need of further

study, particularly for aHUS patients who have exhibited

extended periods absent from aHUS activity. The current

trend in personalized medicine is a challenge for patients

and physician-researchers alike, with several multi-center

studies or research efforts underway on such topics as

individualized therapy, restrictive use,33 and optimal dura-

tion or withdrawal from eculizumab to include:

CUREiHUS, NTR5988 (NL); STOPECU, NCT02574403

(FR); and SETSaHUS, ISRCTN17503205 (UK). Noting

eculizumab use and shifting paradigms, Gema Ariceta

stated:

Originally approved for long-life treatment, clinical

experience from highly expert centers supports moving

from a fixed treatment schedule to a personalized dosing,

at least in selected patients.59

Eculizumab challenges are not only confined to the drug

itself, but broaden to include the management of different

aHUS subtypes, improved education and information flow,

collaboration across geographic borders and market seg-

ments, integration of patients as partners across all stages

of initiatives, and recognition of and response to physician

concerns. Many of the knowledge gaps, diagnosis issues,

access and cost issues, and patient or physician challenges

will affect other stakeholders and efforts as new aHUS

therapeutic options reach future markets.60

Cost and availability
Once labeled as the most expensive drug worldwide by

Forbes, the cost of a single 30 mL/300 mg vial of eculi-

zumab is around $6830 or £3150 with an annual cost of

treatment being £350,000 or $465,635 approximately.61

The high price and limited availability of the drug limits

its use, especially in the developing world.52,62

Reimbursement limitations, even in developed countries

like UK, pose challenges to both patients and physicians

and restrict the access to this life-saving drug.63 The

biweekly hospitalization for the administration of eculizu-

mab during the maintenance phase of treatment further

adds to the rising health care-associated financial burden.

“A balance between pharmaceutical companies’ incentives

and societal budgetary constraints” must be maintained to

ensure the timely and regular availability of orphan drugs

like eculizumab.64

Infections
Due to its terminal complement blocking activity, patients

treated with eculizumab have a high risk of contracting

infections with encapsulated organisms especially

Neisseria meningitidis. The risk is estimated to be 1000-

fold to 2000-fold higher in these patients rather than the

general population.65 All patients receiving eculizumab

should be vaccinated with both the MenACWY conjugate

vaccine and the MenB vaccine with a booster of

MenACWY every 5 years as per CDC recommendations.66

However, conflicting reports raising concerns about the

protectiveness of vaccination-induced antibodies have

been described where despite appropriate vaccination,

patients developed disseminated meningococcal

infection.67,68 The efficacy of vaccination in a setting of

AKI, chronic kidney disease, immunosuppressive agents,

and during complement blockade is also questionable.

In cases where urgent eculizumab therapy is warranted,

antibiotic prophylaxis for a minimum of 2 weeks after

vaccination is recommended.69 But in countries like

France and the UK, it is recommended that antibiotic

prophylaxis be continued providing the patient is receiving

eculizumab and up to 60 days after stopping the drug.55

In light of the reported incidences of meningococcal

infections among vaccinated patients, there should be a

high index of suspicion amongst physicians for signs and

symptoms of meningococcal infection. In addition, aware-

ness in patients receiving eculizumab therapy for clinical

features of meningitis or meningococcemia can help in

rapid diagnosis and prompt management. The health care

professionals must provide a patient safety information

card to all patients receiving eculizumab and should also

discuss the importance and proper use of the card.36

When to start eculizumab therapy
Early initiation of eculizumab has been found to be asso-

ciated with better treatment outcomes and greater

improvements in eGFR in patients treated with eculizu-

mab24 In conditions where eculizumab is unavailable, PE/

PI should be started immediately. In adult patients, it is

recommended to start initial therapy with PE/PI for 5–7

days while secondary causes of TMA like organ transplan-

tation, malignancy, autoimmune diseases, drugs, malignant

hypertension, and pre-existing nephropathy are ruled

out.17,33

For children with aHUS, the consensus clinical practice

recommendations generated by HUS International Group
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recommend early initiation of eculizumab therapy (i.e.,

within 24–48 hrs of admission). Walle et al, in a post-

hoc analysis of four Phase II, open-label, single-arm, pro-

spective clinical studies of eculizumab for patients with

aHUS, demonstrated that the mean eGFR change from

baseline to 1 year was significantly higher in patients

treated with eculizumab in ≤7 days than ≥7 days (57 vs

23 mL/min/1.73 m2, p=0.0098) with improvements in

eGFR being higher in younger patients.43

In a significant proportion of school-age children with

aHUS, between the ages of 5 and 15 years, across the

world,70,71 anti-FH antibodies are significantly elevated

(1000–20,000 AU/mL). The aim of therapy in these cases

is a reduction of antibody titers. The American Society for

Apheresis assigns level I category to anti-FH associated

HUS, implying that PE is a primary therapeutic interven-

tion. Guidelines from expert groups72 recommend com-

bined therapy with PE and immunosuppressive agents for

patients with anti-FH antibodies. Prompt initiation and con-

tinued PE for at least 3–5 weeks are thus advised.

Immunosuppression (oral steroids and IV cyclophospha-

mide) inhibits further production of antibodies, especially

following PE, with improved short- and medium-term

outcomes.

Many centers in the developed world initiate empiric

therapy of aHUS with eculizumab. Once a high titer of

anti-FH antibodies is found, there is a discussion whether

eculizumab therapy be continued, or replaced by PE and

immunosuppression. Complement blockade by eculizumab

is effective in inducing hematological remission but has a

limited impact on antibody titers. The use of eculizumab was

reported in 18 patients with anti-FH-associated HUS, either

after failing PE or as first-line therapy.73 Prospective studies

are required to determine the comparative efficacy of eculi-

zumab to PE and immunosuppression in these patients.

Therapy with eculizumab is definitely indicated in patients

who are refractory to PE, show life-threatening features, or

have concomitant defect(s) in complement regulation.

Dosing interval and monitoring
The current dosing regimen for eculizumab includes an

induction dose followed by twice-weekly maintenance

doses. The regular administration of eculizumab at biweekly

intervals can be questioned in the light of many small cohort

studies demonstrating adequate complement blockade while

increasing the maintenance dosing intervals to more than 2

weeks.74 Gatault et al predicted that the dosing interval for

maintenance treatment could be increased to 4 weeks in

patients <90 kg and 6 weeks in patients <70 kg while main-

taining an adequate complement blockade by evaluating the

pharmacokinetics of eculizumab. The study was conducted

in a one compartment model with nine patients receiving

eculizumab and authors observed mean trough eculizumab

concentrations ranging from 55±12 to 733±164 mg/mL with

55% of the patients having trough levels >300 mg/mL.75

Ardissino et al evaluated 38 patients of aHUS, where 22

patients received eculizumab every 4 weeks and 16 every 3

weeks during the maintenance phase of treatment. With a

target classical complement pathway activity of <30%, no

relapses were noticed after a cumulative observation period

of 1208 months.76 Cugno et al studied 18 patients with aHUS

receiving eculizumab therapy and followed them for a period

of 160 months with complement activity measured regularly.

They demonstrated that complete complement blockade was

maintained at 3 weeks and partial blockade at 4 weeks after

eculizumab infusion.77 Data from the above studies certainly

support increasing the time between maintenance doses, but

it requires regular monitoring to promptly identify the

relapses. The total complement activity (CH50) and alterna-

tive pathway complement activity (AH50) are the most com-

monly used tests to assess the complement pathway.78 More

specific tests like eculizumab trough levels, ex-vivo serum-

induced endothelial C5b-9 deposits, and soluble C5b-C9

levels (sC5b-C9) have also been introduced (Table 3)-
33,43,69,78–81 but are available only in limited laboratories.

Hence, standardized tests which are uniformly available

and can efficiently determine the level of complement inhibi-

tion are a pre-requisite to consider increasing the mainte-

nance dosing intervals to more than 2 weeks.

Optimal duration of therapy
The use of eculizumab has dramatically improved the

outcomes and prognosis of patients with aHUS. But it

becomes immensely difficult to predict the time between

the relapses in patients with aHUS due to the natural

history of aHUS depending on the underlying genetic

abnormality. One of the most inordinate questions asso-

ciated with eculizumab therapy is the optimal duration of

treatment. Current recommendations for considering ecu-

lizumab cessation emphasize on a case by case analysis in

patients who have received the treatment for a minimum

of 6–12 months and have had a normal renal function for

at least 3 months except in recipients of renal transplant,

patients with recurrent relapses, and children until they are

3–5 years old.55,69 Following discontinuation of eculizu-

mab, patients with aHUS should be monitored for signs
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and symptoms of TMA complications for at least 12

weeks. Wjisma et al recently proposed a protocol for

eculizumab therapy in patients with native kidneys having

aHUS, who are in remission after the first episode. The

protocol advocates standard treatment for 3 months with

eculizumab during the induction phase followed by five

proposed scenarios for either discontinuation or tapering

of eculizumab dose with monitoring for recurrence of

TMA at regular intervals.33

Data supporting eculizumab cessation are limited to

only small cohort studies and case reports. Macia et al

analyzed the data from case studies of patients with aHUS

who discontinued eculizumab and identified that 30%

patients who received multiple doses of eculizumab and

80% who received one dose relapsed after treatment

discontinuation.82 One of the drawbacks of these studies is

their small duration of follow-up. A longer follow-up period

is required to look for the long-term outcomes of treatment

discontinuation and to identify the factors associated with

higher risks of relapses. The discontinuation of eculizumab

as per physician’s discretion introduces a selection bias and

may trivialize these results necessitating a need for larger

scale studies with a longer duration of follow-up and set

protocols to ensure proper randomization.

Underlying genetic mutations with CFH were noted to be

most predominant in the majority of the patients who relapsed

after stopping treatment (Table 4).47,82–86 Fakhouri et al

demonstrated that 72% patients with CFH variants, 50%

with MCP variants, and none of 16 patients with no rare

identified variant relapsed after discontinuation of

eculizumab.83 In conclusion, patients with underlying genetic

mutations in complement genes seem to have a greater risk of

relapse after eculizumab discontinuation. However, the limited

access and lack of timely availability of the results of genetic

analysis present a hurdle in using them consistently.

Ahus and kidney transplant
Patients with aHUS need dialysis or kidney transplant if

they develop an ESRD secondary to aHUS. A significant

proportion of patients who develop ESRD have underlying

genetic mutations (Table 5).3–5,23,47,80,87–89,91–97 Caprioli

et al performed genetic analysis in 156 patients with non-

Shiga toxin HUS. They demonstrated that patients with

FH and IF mutations had unfavorable outcomes post-kid-

ney transplant due to the recurrence of the disease.4

Quintrec et al demonstrated a 5-year graft survival rate

of 51% which was associated with a recurrence of the

disease in the graft.87 Legendre et al performed a post-

hoc analysis of four prospective clinical trials of eculizu-

mab in aHUS. Amongst 100 patients, 26 patients had

transplanted kidneys and had received totaling 38 grafts.

After eculizumab, no patient was reported to have graft

loss and an improvement in eGFR was noted from the

baseline in 25 of the 26 patients.88 Siedlecki et al89 in an

Table 5 Frequency of patients with mutations and ESRD in aHUS

IDENTIFIED

MUTATIONS

Frequency in patients with

aHUS (%)3-5,23,47,88–96
ESRD or death within 3–10 years of

diagnosis (%)3,5,23,96,97

CFH mutations 20–52 66–80

CFH autoantibodies and/or

CFHR1-3 deletions

5–10 30–63

CFI mutations 4–10 50–72

THBD mutations 3-10 54–60

C3 mutations 2–10 56–67

CFB mutations 1–4 70

Isolated MCP mutations 5–15 6–38

Combined MCP mutations 2 47

DGKE mutations ~27 46

NO IDENTIFIED MUTATIONS 30–50 32–50

Note: Data from references.3–5,47,88–96

Abbreviations: CFB, complement factor B; CFD, complement factor D; CFI, complement factor I; CFH, complement factor H; MCP, membrane cofactor protein; THBD,

thrombomodulin gene; MAC, membrane attack complex; CFHR, complement factor receptor; DGKE, diacylglycerol kinase ε; aHUS, atypical hemolytic uremic syndrome.
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observational study, described 188 from the Global aHUS

registry who received kidney transplant and received ecu-

lizumab. The patients were divided into two groups and

followed postoperatively for a minimum of 1 year. Group

1 (n=88) included patients who had received eculizumab

before and during their most recent transplant while group

2 (n=100) included patients who received eculizumab after

transplant. They observed a significantly better graft func-

tion within 6 months of transplantation in group 1 com-

pared with group 2.

Despite data suggesting the efficacy of eculizumab in

prevention of recurrence of aHUS in allograft, there are

concerns regarding the dosing and duration of treatment.

Conclusion
Eculizumab, though has revolutionized the treatment of

aHUS, also has limitations. Financial constraints, due to

the high cost and need for hospitalization, limit the use of

eculizumab in the developed world. Paucity of data on the

natural history of aHUS, especially in relation to under-

lying genetic mutations, makes it difficult to predict

relapses and raises concerns about appropriate duration

of treatment. Large-scale prospective trials of longer dura-

tion are needed to improve treatment strategies for the

long-term management of patients with aHUS.
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